The approach of studying a form of practical fire safety measure by considering the population of buildings to which it is applied has led to some interesting quantitative results. These include the distribution of the population of detection equipment and some indication of its possible effectiveness. On the basis of the model presented here the current population of detectors should be present at the start of about 4800 fire incidents, or 15% of the total, in non-domestic buildings in the UK. This then leads to some indication of the performance requirements both in terms of reliability and acceptable false alarm rate. statistical studies of this nature ought therefore to be useful to designers and legislators when considering new products and standards. Further work should be done to improve the accuracy of some of the statistics used as inputs.
INTRODUCTION
The work presented in this paper started as an attempt to model the market for fire detection and alarm equipment.
Because of the complexity of the actual commercial market it was modelled in terms of the non-domestic building stock in the UK and the application of fire protection measures carried out in practice. The aim was then to discover what the market size was and how it was distributed between buildings of different type and size.
It was then realised that the information obtained for marketing purposes could be further refined and potentially applied to determine what the effectiveness of fire detection and alarm was in practice.
The aim now is to determine if detectors are being used to best advantage, and where additional detectors could best be placed. This is in effect leading to a strategy for the application of detection and could be of value to legislators, manufacturers and end users. This paper describes the work done to date and presents some of the data obtained in surveys and calculations.
The overall approach is different to the Delphi type models discussed by Harmathy [1] and Donegan [2] .
These are based on average values of effects and interactions of fire safety measures, based on either a simple decision logic, or hierarchy of measures.
Either method means that averages are spread widely and detail can be hard to determine. On the other hand complex overall strategies can be evaluated and compared. Ramachandran [3] uses a probabilistic approach based on a probability tree description of potential scenarios. The approach taken here is to study the application of one type of fire safety measure as though it were a population spread throughout a single country. The application of fire detection and alarm in non-domestic buildings in the UK is presented here, including some data on the occurrence of fires and non-fatal casualties superimposed on the population data.
The following sections describe the three main steps in the analysis.
ANALYSIS OF BUILDINGS/ROOMS
The first stage is to determine the properties of the target population of buildings in which the detection and alarm equipment is installed. The non domestic buildings in the UK were divided into four broad categories: The main categories are convenient as they are grouped approximately in relation to the behaviour of the occupants. This ranges from sleepers in accommodation to people very familiar with their surroundings in commercial.
The analysis was carried out with separate data for each of the subcategories, but presented here mainly in the broad categories both for brevity and accuracy. Each building use category was divided into three size categories: -small, <300m 2 , -medium, >300 and <5000m 2 , and -large, >5000m 2 Data were obtained [4,5 used as basis] on the populations of non-domestic buildings and categorised according to the grouping above. Table 1 shows the populations (corrected for 1987), and the total areas.
To determine what fire protection is appropriate tq apply to buildings of each type and size some idea of the geometry of each is required. For each of the 54 sUb-categories by use and size a detailed example was evaluated (using a spread-sheet computer package) . The examples were then combined within each main category by type. They were then plotted to show the distribution of room sizes, by both building use and size (figures 1 and 2). These give few surprises, but give quantitative estimates on which to base further analysis. Totals indicated in the data are: -Number of rooms: 15 000 000 -Corridor length: 18 500 OOOm -(Number of stairsjlifts)*(number of floors): 3 300 000 It can be observed that the population of corridors is insignificant for small buildings compared with large ones, with the greater proportion in the accommodation sector and very few in leisure. Large rooms are infrequent in accommodation, but are important in service and particularly in commerce.
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LOCATION OF FIRE DETECTION AND Ar~RM EQUIPMENT
The equipment items included in this paper are: -point fire detectors, -optical beam smoke detectors, -manual call points, -sounders/bells, -fire alarm panels, quantified by total number of zones.
To determine what the actual coverage of fire detection and alarm equipment is in the buildings in this study, two further steps are required:
The determination of the potential population of equipment if full coverage is made to the guidelines in the relevant code of practice [6J.
Given that the geometry of example average buildings has been determined this can be calculated.
Results of the totals for each category are given in table 3.
The actual coverage which is existing in practice has then to be determined to allow the actual populations to be calculated.
A small survey was carried out amongst fire prevention officers. They were selected as they proffessionally evaluate fire precautions in a wide range of premises. A total of 18 were interviewed, covering 8 counties in the UK.
They were asked (for each sub-category) about the proportion of buildings that have manual or automatic fire detection and alarm systems, and about the average level of coverage. This information was combined with the data on potential population to give an estimate of actual population (table 3) .
As a check on the results, end user prices and an average 12 year system life were assumed to obtain a market value of £54.7M, compared with a total of £60M from more conventional market surveys [7J.
It can be seen that the application of point detectors is approximately 14% of full coverage to the code of practice, with the greater density in the accommodation buildings. The coverage of manual sys·tems is much greater at 68%, most of the shortfall being in buildings less than 300m 1 where different regulations apply.
The need to include the geometry of buildings covered by detection was shown by the average coverage of detectors possible in medium sized residential properties at only 22mp er detector, compared with 42m 2 in medium sized warehouses. This is due to the greater number of individual rooms, corridors and stairs which need separate detection.
The average size of buildings even within a size category varied greatly by building use type and was also an important consideration.
There is some under-estimate of the number of detectors potentially and actually installed, as the model includes only occupied floorspace and not roof and interfloor voids. This is a correction that needs to be made on a refinement of the model, but errors should not significantly affect the order of magnitude estimates and final ratios presented in this paper. 
DISTRIBUTION OF FIRES WITH RESPECT TO DETECTION
The data on the distribution of fire detection can be compared with the distribution of fires and the extent of damage. For this purpose the data pUblished by the UK Home office [8) was used.
Unfortunately the data do not break down into building size, but are separated for different types of non-domestic building.
with care the data could be matched with the categories used in this exercise.
The published figures have to be used with some caution as they only relate to fire incidents attended by the fire brigade. Small incidents which are detected early by detectors or people, and dealt with quickly or fail to grow may be excluded. Table 4 illustrates the relationship between the occurrence of fires and the building population. There is a large difference in the occurrence of fires in the different types of building. The ratio being 0.089/building for accommodation and 0.014/building for leisure premises.
If the number of 'rooms' is considered by taking the sum of: the number of rooms, number of stairs/lifts and corridor length/50; the occurrence of fires per 'room' is then much more even, ranging from 0.0025 in accommodation to 0.0013 in services.
In compares well with 38.48 fires/10'm~in this work. It can therefore be observed that the occurrence of fires per building varies greatly by use type, but if the geometry of the buildings are considered then the variation is much reduced.
As an indicator of the relative severity of fire incidents table 4 also gives the figures for the number of casualties per fire which is evenly distributed by building type, even though it might be expected that there could be significantly more in the accommodation buildings.
If the spread of fires is considered however it can be seen that there is a great difference between the extent of fires in accommodation where the majority are confined to the item first ignited, and the other categories where most reported incidents spread further into the room.
This difference can also be seen in the proportion which extend beyond the room and the building. This difference in fire spread may then be consistent with the unexpected relative low difference in casualty rate; fires are actually more dangerous in accommodation buildings as smaller fires produce, on average, similar numbers of casualties.
The comparison between the occurrence of fires and the distribution of detectors is shown in Occurrence of fires compared with potential and actual fire detectors in non-domestic buildings, 1987.
is one factor potentially reducing the relative spread of fires in the accommodation sector.
This has to be linked with other passive fire protection means and the actions of occupants and staff members.
The product of the coverage ratio and the number of fires in each category gives a measure of the number of fires which are detected, or capable of being detected by automatic detectors in a year.
The total is 4755 for 1987. The published statistics do not indicate the origin of the alarm, ie whether a person or fire detector first detected a fire, but the number of false calls from systems is.
In 1985 the total of calls due to 'apparatus faults' was 54000 which means that the figure for alarms obtained here is consistent with the ratio of approximately 15 [9J that is often reported between false and true alarms for automatic systems.
There is a wide variation in building type from which these calls are likely to occur. Table 5 shows a figure of 2756 for accommodation and only 333 for leisure buildings.
The number of actual calls from detectors will be lower because of detection from people present, and increased by the chance of a detector remote from a fire operating within an unoccupied building.
The ratio of the number of fires to the number of potential detectors gives a measure of the probability of a fire at a detector in a year in each of the building types.
The spread is very small with average of 0.0015. The reciprocal gives the average number of years between true fires for a detector as 675.
If there is a requirement for the ratio of false to true alarms to fall to 1:1 then this quantifies the aim. More detailed work based on this approach would be required to determine more accurate figures. In particular what would be useful is a study to determine where extra fire detection could best be added, and what benefit this would bring.
It is also possible to estimate how many fires might not be detected if a fault occurs.
Figures for the reliabilty of conventional and advanced systems are given by Appleby and Ellwood [10J.
On average between 96 and 23 incidents could be affected depending on the level of technology. Consideration of system designs and standards should relate to reliability figures which can be directly translated into the impact on safety, rather than be based on more arbitrary factors.
CONCLUSIONS
This paper describes an approach to the analysis of fire detection, which considers the overall population distribution of systems in comparison with that of the building stock. Estimates of the numbers of detectors and other equipment actually installed and potentially installed can be made.
The density of detectors can be compared with the occurrence and extent of fires in different categories of building and some indication can be obtained of their effectiveness. Further work could be undertaken to better quantify this aspect and lead to better understanding of the trade offs with other fire protection measures. However, this paper includes values which can be used as a basis for quantitative requirements for reliability in terms of false alarm rate and availability. These should be used in product and system design and development stages, and also in considering standards requirements.
Finally, there is no reason why this type of method should not be applied to other fire safety means.
A knowledge of the overall distribution of equipment or measures can be used to determine where extra effort is best placed to improve life and property protection.
